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ABSTRACT 

Learner controlled instruction in which the student 
controls the computer {e.g., computer programing) instead of it 
controlling the student (e.g., drill-and-drill-and-practice) is 
described. The nature of this mode of computer use is explored, and 
some examples based on case studies conducted by the author are 
given. A rationale for learner control is discussed in terms of 
cognitive and affective outcomes of computing. The cognitive outcomes 
include relatively specific learning and thinking skills and more 
general systematic methods of problem sol ving^ Affective dutcoBes 
include self-confidence, curiosity and exploratory behaviors, and 
motivation. (Author/HCM) 
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LEARNER-CONTROLLED COMPUTING: 
A DESCRIPTION AND RATIONALE^ 

Stuart Hilner 

School of Education 
The Catholic University of America 
Washington, 0. C. 20017 



This paper discusses a use of technology in which the 
student controls the computer (e*g., computer prograoiniing) 
Instead of it controlling the student (e.g., drill-and- 
practice). A description of the nature of this mode of 
computer use Is provided, and some examples based on case 
studies conducted by the author are given. 

A rationale for learner control is discussed in terms 
of cognitive and affective outcomes of computing. The cog- 

. nit i ve outcomes include relatively specific. learning. and 

thinking skills and more general systematic methods of 
problem solving. Affective outcomes include self-confid- 
ence, curiosity and exploratory behaviors, and motivation. 

IMTRODUCTION 

Instructional uses of computers may be classified on a continuum 
with the amount of student control as the underlying variable. At one end, 
lie the classical computer-assisted instruction methods (e.g., drill-and- 
practice) in which the student has no real control except for his responses 
to pre-programmed instruction. At the other Extreme are the methods used 
by the student (e.g., computer programming) to control the hardware and/or 
software of the computer. The purpose of this paper is to describe the 
nature of, and provide a rationale for, learner-controlled computing. 
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One of the reasons it is important to describe the nature of 
learner-control U'j cc'—ati'i^] is that itoro exists^ at least for sere, a 
rJsconception or lack of understanding about it. For instance, it is 
often considered as the so-called problem-solving mode, wherein the computer 
is used merely as a calculating aid. Actually, learner-controlled computing 
transcends this, and facilitates the acquisition of thinking and learning 
skills, among other things. The computer is to be used by the student in 
his problem-solving endeavors in much the same my as professionals use it 
to gain insight into complex areas such as sending man to the moon. 

Learner-controlled computing in this context refers to the learner's 
power to control the course of learning by implementing his own problem- 
solving strategies and executing these at his will . Involved in computing 

is the development of algorithms by the student for problem solution. In 

the process there are a number of tasks which include, analyzing the problem, 
devising and implementing a program for its solution, testing the validity of 
the program, and, if necessary, finding errors in, or debugging, that program* 
In effect, the student is the teacher and the computer is the students-supp- 
orting the general agreement that in teaching a subject one learns it better. 
As an example, if a student is to learn the laws governinq a process, he 
writes the program to simulate the process a]id studies its operation. 

Contrasted with *'closed-loop" learning objectives (e.g., programmed 
instruction, many CAI tutorials), computing involves "open-loop" or less 
restrictive objectives. Accordingly, subject-matter experiences are student- 
determined and are often serendipitous in occurrence. 

Nonetheless, there is a seeming paradox between the students' freedom 
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t: dovelop CO" :le;< ;rzqrr's such as advanced plotting and qa-'ie-playinq 
r:jtircs, according to their own interests, and the forced clarity and 
rigorous thinking involved in cornputer programming. Perhaps this Is what 
r.dkes computing so facinating to so many. 

The rationa)e for )earnerzCorttro]led computing includes the pot- 
ential for: 1) individualization, 2) the use of 'Veal world" applications, 

and 3) the acquisition of generalized learning skills (i.e,, "learning - 

■ ■ ■ " ■ 1 

how to learn"). 

If one accepts the broad definition of individualized learning 
as that which proceeds according to the unique needs and interests of the 
student, one can see that by allowing students to implement their own 
problem-solving strategies through computer programs based on unique 
needs and interests, individual ization is served, MoreoverV in th^ 
responsive environr;ent of computing, it is conceivable that students will 
learn to find out things by themselves based, in part, on their own spon- 
taneous activities, and, in part, on the support system (e.g., teacher, 
software, courseware) v/e provide for them. 

In addition to individualization, computing can include meaning- 
ful , "real world" projects such as, the design of lunar simulation or 
instructional programs written by a student for his peers (e.g., drill- 
and-practice programs). A special advantage of such learning situations 
is that creativity is fostered when real problems of the sort profession- 
als must solve are used. Another is that students are motivated by seeing 
the meaning and relevance of what they are doing, 

A third justification stems from the need to n^afce more pervasive >: 
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krzid edjcational coals that are now son-ewhat excluded. As Toffler (1970) 

Given further acceleration, we can conclude that knowledge 
will grow increasingly oerishabU. Today's 'fact* beconies 
tomorrow's 'nisinfornation. ' This is no argument against learn- 
ing facts or data--far from it. But a society . . . places an 
enormous prenium on learning efficiency. Tomorrow's schools 
must therefore teach not merely data, but ways to manipulate it. 
Students rust learn how to discard old ideas, how and when to 

; replace then. They n^ust, in short, learn how to learn. 

^- 

The major focus of this paper is the explication of general ized 
/l^earning skills which can be acquired through computing* Discussion will 
be in terms of cognitive and affective learning outcomes based on both 
er-oirical evidence and conjecture. 

Before describing them, though, it should be mentioned that the 
fcrnuUtlon was partially resuU of case studies in computing by this 
investigator. A study involving fifth grade students is described el se^ 
where (Milner, 1973). In a more recent study, sixth grade students of a 
wide range of ability in a suburban elementary school participated. 
The environment was open-ended in that students were free to define their 
own projects or to pursue suggested ones according to their own interests 
and motivation. It might be useful to note some examples of projects 
the students were involved in, all of which were their own choice. 

Several chose to v.-ork on gaming routines, based on a prototype 
gar?:e, whose object was to guess a predetermined number within a fixed 
range. The introductory program consisting of several sub-procedures 
proved useful as a starter; the students added their own extensions^ 
generalizations, and refinements. 



One student d-^^veloced a tic-tac-tOL' o^^rQ which consisted of 
se.erai suD-prc:c :^'*-2S ircVj^ir- rr^-ntinq and irtoraction routines, and 
represented a first approx{n:ation to a complex project. 

Another student, who was learning a programming language (LOGO) 
ffcm an available manual, became interested in an example of a drill-and- 
practice arithn^etic program. She extended and modified the example pro- 
gram into a fairly sophisticated drill-and-practice multiplication pro- 
gram. 

In general, the students' projects were interesting and non-tri- 
vial. Of significance was the fact that they were involved in these pro- 
jects over extended periods of time--almost two months in some cases* 

This project-oriented approach has been advocated by Papert (1971a) 

and Dwyer ( 1974 ), who are usi ng computer-control led mec ha hi ca 1 d evi ces arid 

other complex systems at both the elementary and secondary school levels/ 

Regarding projects that extend in time, Papert (1971a) states: 

. ♦ . the process is long enough for the child to become 
involved , to try several ideas, to have the experience of 
putting something of oneself in the final result, to compare 
one's w*ork with that of other children, to discuss, to criti-- 
cize on some other basis than * right or wrong V. 

In another case study conducted by this Investigator, eigth grade 
students in an urban secondary school learned / among other things, comp- 
uter programing. What was interesting here was the fact that the students 
were previously identified as "low achievers," yet they were able to engage 
in the kind of algorithmic thinking required in computing. Affective out- 
co:;^.es such as increased motivation to do "academic" work, which was pre- . 
viously eschev.od, v;ere also observed, 
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Ar JISITICN OF G[:i:-LIZED LEA'^NING SKILLS 

Tr.e cc'jnitlve ar.d affejtv/o cuuc^es of learner-controUed co::p- 
;>:ing involve the acquisition of generalized learning skills (i.e., ^'learn- 
inj how to learn")* This discussion is prln.arily in the context of problem 
solving, although it need not be limited to that domain. Moreover, the 
skills dealt with are not exhaustive and constitute an atteT.pt, based on 
observation and conjecture, to explain the outcomes. 

The skills described may be acquired with or without direct inst- 
ruction. In other v;ordSv the skills may be taught by another person or 
acquired naturally by the student without human intervention through comp- 
uting. The case for using computers 1s based partially on the dynamic, chall- 
erging, and responsive environr^ent they produce. 

Cognitive Outccres 

For purposes h^re, cognitive outcon^es have been divided into two 
broad categories. One includes learning and thinking skills and is rela- 
tively specific. The other, a more general category, concerns systematic 
methods of problem solving. As the relatively more specific skills are 
developed and incorporated with the more general ones, powerful problem 
solving processes emerge. Following is a discussion of them. 

The algorithmic nature of computing can serve as an excellent cont- 
ext for learning how to organize information* In developing an algorithm 
for problen solution, the student needs to structure material in an unamb- 
icous sequence and, in the process, think ahead, anticipate outcomes in 
advance, and occasionally alter previously formed steps. More specifically, 




f"-:: stJ^ient noojs to do such activities as deternining v/hen and hov/ to 
ir:jt and oiit:jt inrc?'- Jticn, assign valuos, allocate storaqo, perform 
iterations, rake decisions, iriple:nent procedures, etc. In doing so, 
students gain insight into the nature of algorithms— how they are formed, 
debugged, and executed. 

The fostering of independent thinking, a broad outcome of any 
individualized learning environment, can be partially' achieved by giving 
students the opportunity to choose their>own projects and provide unique 
solutions to them. It becomes important in this case to get students to 
take the Initiative to develop, modify* solve, and extend problems in 
ways that make sense to them, just as scientists do in their endeavors. 
Of course, for students who "don* t know what to do," projects could be 
sugpsted Tfid a certain affiouftt of s ^ ^ - 

Observations have led n'e to believe that once students are given freedom 
to explore, autonomous thinking follows. 

As students Vearn to learn, they need experience in viewing prob- 
lems i?i alternate ways. In one sense, this Involves improvisation. Any- 
one who used various types of programjning languages has experienced this. 
In another* :en$e, it is the using of different paths toward the same end. 
Different algorithms can produce the same result. In any event, viewing 
problems in different ways can be made transparent in computing. 

Logical thinking is facil ita ted by the very nature of computing. 
Consider, for example; the sequencing of operations; althouqh other dimen 
sions of logic are involved, too. Writing comouter programs requires a 
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:'"^cis<> secucrce of op-ariticns. Students lesrn very r.uickVy tb^t even one 
c:erdtion cut of socjorce or rnssing fror? a sequence v;i11 not yield the 
desired results. I have observed cases where students know that a function 
is necessary and how to use 1ti but are unsure as to where to place or 
reassign the function in an ejcistSng algorithm. 

If one has i'lternal ized a process^ on^ ^should be able to explicate 
that process. This involves something mre complex than just recognizing 

an alternative on a multiple choice test item, or producing a single-valued 

It 

solution to a problem. Part of the complexity is due to virtually an un- 
limited number of possible paths leading to the problem solution, a solu- 
tion which may involve the algorithm itself, or even a package including 
the algorithm, and other components. 

In traditional modes of instruction, students rarely have the 
ocoortunity to give a detailed explanation of their own understanding of 
a subject/ Moreover, they often cannot describe how they arrived at a 
solution nor how a process works/ There may be at least tv^ reasons for . 
this: First, students an^ teachers may lack a sufficiently precise language 
in which to communicate (Feurzeig, et al., 1969)/ I have observed cases 
where students obviously understood a process but were unable to use the 
right language to express it. Through programming, which involves a 
precise language, students not only can present their thoughts via the 
computer* but can discuss their programs in terms of structure, content, 
etc. Secondly, students do not usually get enough practice in actually 
stating their thoughts. I always encourage students to explain what their 
program is about and whether it is a completed project or an approximation 
of ono--"expressive power to the students.'* 
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Critical to oroblcm solving is the ability to debug or search 
fcr- ar.J eli. '.r.ito orrors. in co-.puting, this invcWes determining at 
vs'-ious points if the prograrn executes correctly. fJot only can students 
be taught soecific techniques, but they also quite naturally develop their 
own. In the former case, if programs do not execute properly, students 
ccjld be Instructed to build checks in the logic or print but values at 
various stages in the program--tasks which are relatively easy to do on 
a cooiputer. In the latter case, students in the process of debugging 
develop useful heuristics through guessing and trial and error methods. 
Heuristics, defined here, are plausible strategies that serve to guide, 
discover, or reveal. [Polya (1957) provides an excellent discussion of 
heuristic reasoning]. What is involved, then, is a concrete problem- 
soivi ng situation, in v.hich the student has the power to change and ■ 
experiment, and hopefully get iirjTiediate knowledge of results. 

Often, when students work on problems, they do not work on them 
long enough to develop general izations. However , if students are given 
the opportunity to develop problems that extend beyond traditional time 
allocations, general iza'.ions can be facilitated. For example, a sixth 
grade student was v/riting a drill-and-practice program in mathematics,, 
and her initial program simply dealt with adding two one-digit random 
r>u-ibers. She generalized it to present two-digit addition problen^and 
two-digit multipl ication problems with record keeping and other feed- 
back functions. All of this took place over a period of approximately 1; 
six weeks.'"" r':".^'-'^ /.-^ 



-10- 



The above specific learninq and thinking skills should be used in 
c:'":.:ticn .:th rc]:.tr;e\y roro 3o:^Q!''3l sy5tc-'3tic rethcds of crobler^ 
s:ryin3. Tr.ose systematic rethods include probUri corprehens ion» hypoth- 
esis generation, experiiiientation, and ref lectionj and can be learned 
through computing. Polya (1957) describes some of these methods for teach- 
ing mathematics. Computer programming, by Its very nature* requires the 
c?r:ful analysis and precise expl ication of thought that these methods imply. 
Also, It Is relatively easy to hypothesize and experiment in programming 
by changing steps in an algorithm or by varying input/output parameters. 
Once a program is executed, the validity of an algorithm can be tested and 
reflection can occur. 

Initially, the student needs to gain a general understanding of 
the prpbl e^^ Pf^ outcpme^^^ 

itions involved, etc. Understanding a problem, at least in the early 
stages of coinprehensi on, involves knowing what to look at in a problem. 
Students might consider questions such as the following: (1) What are 
the parameters to be used? (2) What is Important and what is '*noise?" 
(3) What might a solution look 1 ike and what kind of information does one 
need to know In order to reach it? Some other questions that students 
need to ask at the problem comprehension stage are: (1 ) What kind of 
information/data am I dealing with? (2) What additional Information or 
clarification Is needed? (3) What resources are availablev and what res- 
ources are needed? (4) Are there any transformations in the data to be 
made? (5) What does successive approximation to a solution look like? ^^^^^^^^^^^^^u 
(6) Where should specific procedures be placed in a solution algorithm? 
When and how should they be inplcrr.ontod? etc. 
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Follcv.ing an urderstanding of the problen-.a solution may not be 
a: 3ll clejj\ Ijt t;-o student shcuiJ hjve an idea of what reeds to be done 
ard a direction to pursue--it is la^ortant to generate hypotheses or ideas 
v.hich would lead to a plan for project execution. A question that students 
ask at this stage is, "How could I do that?" For example, if a student 
were prografrming a computer to play the game of tic-tac-toe, he might 
be taught to divide the project into three parts: (1) a computer program 
to simply record events between tv/o players; (2) a program to keep score 
and evaluate play; and ultimately, (3) a strategy playing program. What 
was achieved in earlier steps (parts) would be used in corrbination with 
later extensions leading to successful project completion. In short, the 
student would learn how to build extentions and solutions from smaller, 
more manageabl e parts. Papert (1971 b) advocates thtr approach ¥^ 
vides some interesting examples from his research* 

By dividing a project into parts, then, the student makes it more 
manageable and learns an important aspect of thinking. In turn, each sub- 
project (part) might involve even smaller parts so the process here is 
iterative. For instance; in the case of the first part of the tic-tac-toe 
game described in the preceding paragraph, the student might initially need 
to generate printout and mode of entry routines, each of which is a separ- 
ate problem in itself. It is relatively easy to use sub-programs on a 
coriputer, incidentally, once a computer language is learned. 

■ When hypotheses or ideas have been formed, experiiTientation is the 
next step. This execution phase is the basis for acceptance or rejection 
of ideas. Once it is completed, the student can determine if the project 
h3S been finished. In the case of coaiputer prograr*ii)ing , this is an iter- 
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dtive phase in v;hich various experfrents and considerable hypothesis 
tvitinj take'j pljice. tventually, either a progra::i v.orks or it does not. 
In the interim, debugging plays a ttcijor role. Also» the student can be 
taught to reformulate hypotheses or reinitialize processes. 

Based on the experiments, the student could reflect back on 
the solution and refine, extend, or even generate new projects. As such, 
problem solving approximates 'Veal life'V situations where one works through 
solutions possibly many times over, vis-a-vis traditional "one-shot" 
solutions that are graded and returned by the teacher. If the extended 
or new projects have similarities with previous ones, the student exer- 
cises inductive reasoning. 

.Affective Ojtccrc-s 

Expected affective outcomes in 1 earner-controlled computing environ 
rents general ly deal with values ^ attitudes, and interests. Some of the 
outcomes, as discussed below, deal with self-confidence, curiosity and 
exploratory behaviors, and motivation. 

A certain degree of early intellectual mastery in a learning situa- 
tion is important in building self-confidence. In computing, students can 
VTite simple programs that execute at their first sitting at a terminal . 
They are In control. That students perceive and, possibly, prefer this 
control is observable; or as one sixth grade student stated: "I like 
writing programs because its different than using programs [CAI] and also 
rore fun/' 

Enhancement of self-confidence leads to increased experimentation 
in general. The co^ioutor certainly does not harass one for doing so. I 
Xiuld speculate that a non- threatening, learner-controlled environment 
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v.'Cjld serve to enhance self-confidence In nuch the sarre manner as the 
.:'/:rrv} Er'^^:t 1r:»^c:i S:!> orcijcUvity. In ct^iei vords» by placing a 
c^r.d in a rel3t1voly difforert environr-^nt whore he can e.xoerience 
control and mastery, vje could expect to foster the development of his 
self-confidence. 

Curiosity and exploratory behaviors such as frequent querying 
(of humans and computers), initiation of new ideas and rethinking old ' 
ores are natural outgrowths of increased self-confidence and favorable 
attitudes. They are also a function of the inherently Interesting nature 
of computing. Although these behaviors can be encouraged > they are 
largely due to the challenging nature of Instructional materials. 

The self-produced changes inherent 1n learner-controlled compu- 
tfr.g are rrotivating. It follows that the studsnts appear Involved in their 
v/ork. But then, students who are doing work of 1 Ittle Interest to then^ 
also appear involved. I am referring to active involvement here, as 
opposed to passive resoi^nding^ whereby students perservere and do so volun- 
tarily, enthusiastically, and on a self-directed basis in the course of 
learning. For example, redesign and Improvement of algorithms is not 
characteristic of typical %/orkbook problems/'- 

Finally, creative behaviors such as independent study, and the 
potentidV for using varieties of insights or reactions, are fostered 
when studi'f^ts are given the opportunity to develop their own projects 
in learner-controlled environments. 

' Perhaps a "i.;cta-outcoi:'e" of the learner control in this context 



\i ifiO ti :;;M 5 1 :i on f;f >cl f-i a^u;:; jiiC ^/':i^;viors • Tne::^e include tiie whati 
r.;-jn, dnu no./ of r.^rrnnrj. »**MaMn9!it be leornoU incluaes tiie general- 
K-jrtiifhj s^ili$ dc;>cri^*-u auovc> specific suuject t;:atter Insiglits, 
aMU, less ot^viously, assessrent of competencies and setting of objectives. 
■rifie n learnincj takes place depends on stuaent initiative, degree of in- 
vo1ver::ent» as well as serendipitous experiences; impliea is a direct 
r-ilaticnsn ip oetween innerent intorest of material and student respon- 
siuility for learning it. how learning takes place is a function of 
irany tnings including self-cnecking» subject-determined experiences, and 
teacher/student ano student/peer interactions. As students learn to 
assess tne validity of their programs, for example, they will internalize 
self-checking strategies and learn to know wnen they are rignt. 

CJ.iCLUDInG kc.vxKKS 

A great oeal of "lip service" is paid to the incorporation of 
''learning to learn" ODjectives. Yet very few, if any, exist in practice. 
Tne claim of behaviorists tnat these objectives can be devised in their *' 
"closed loop" systems remains unproven. One prescription is offered in 
tnis paper. • 

Ifhat are ti^e implications, then, of all of tnis? For one, it 
snould oe clear that learner-controlled computing is a powerful resource 
In learning, ana as such should be further exploited. In addition, it is 
hoped that tne broad outcones discussed, as well as others that certainly 
n;o$t exist, will ue assimilated by educators along with tne more limi ting 
instructional objectives, but to a greater extent than presently* From a 
praonatic and irr^cdiato standpoint, these outcomes and others might be ' 
used for evalu^ition, such as in the fon:i of a "ciiecklist" of learning 
outcoines I 



Whatever tre v.^li^jticns, ros^jrcn ui;d clcve1op:<}nt of Icarrier- 
controlled cc:-pLitirg will not he i ly ai::onable to classical research 
\j^;>i<jns nor oven ccst-Lonofi t analyses. Part of the di fficul ty lies iri 
trie coinplexity and non-standard nature of the objectives. It certainly 
will not be easy to measure these outcomes according to present criteria 
(e.gi t standardized tests), The actual programs written will clearly 
denonstrate knowledge. Observation and anecdotal record should also 
provide soiae initial data for us. For anyone who has observed students 
engaged In coniputing over any period of time, it it at least intuitively 
obvious that learning in this manner Is promising. The challenge to 
actualize the promise is now. 
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